Microbial transformation of fresh organic matter in arable soils defines different processes such as the global carbon cycle, food production and impacts on the environment. One of the available ways to improve the content of soil organic matter is the rational use of crop residues, such as straw. A limited use of straw is usually explained by its long decomposition in soil that leads to soil deficiency in mineral nitrogen and accumulation of phytotoxic compounds and phytopathogens. Therefore, the microbial preparations used to accelerate the cereals' straw transformation may be of inrerest. In the model laboratory experiment we studied the effect of rye straw treatment with biopreparates BUGS (based on Bacillus), Barcon (complex cellulosolitic association) and Omug (bio-fertilizer from litter poultry dung) developed in the ARRIAM, depending on the depth of seal (surficial, in a layer of 0-3 cm, in the layer 9-12 cm) of straw on the composition and functioning of soil microbial community. It is known that the most available organic compounds are decomposed in the first 2 weeks, so after 2 months we evaluated the effect of preparations and depth of placing straw into the soil on the bacterial community composition in the late stages of decomposition and destruction of difficulty decomposable compounds. During this period the straw decomposition is due generally to k-strategists. There is a perception that their community is more resistant to external influences and will not vary so much as r-strategists responsible for the early stage. After 60 days we determined the abundance of physiological groups of microorganisms, the microbial biomass, content of labile compounds of nitrogen and carbon, as well as respiration. We confirmed poor applicability of conventional microbiological analysis of physiological groups of microorganisms for the purposes of comparing the structure of microbial communities. There was a clear positive impact of straw on the abundance of amylolytic, pedotrofnyh and oligotrophic microorganisms. In this regard, the structure of the microbial community was evaluated by high-throughput sequencing libraries of 16S rRNA gene. A positive effect of straw on the number and activity of microorganisms, microbial biomass, labile organic carbon was shown. The tested preparations increased the straw decomposition, and the greatest effect, except Omug, was in a layer of 0-3 cm. Over 80 % of the soil bacterial community was represented by Proteobacteria and Actinobacteria, and the presence of Acidobacteria was lower due to the high fertility of the soil. Adding straw increased proportion of Actinobacteria and Betaproteobaktery compared to control. Actinobacteria were more involved in the decomposition of straw in the 9-12 cm layer, except the treatment with Barcon. It was shown that in case of Barcon and Omug, the biodiversity in the microbial community was higher (the Shannon index was 1.29-1.27 against 1.0-1.16 for control and untreated straw).
thousand tons of which are produced in the Russian Federation annually [2] . The reason for the limited use of this approach is usually explained by the long decomposition of straw in soil which causes soil deficiency in mineral nitrogen and accumulation of phytotoxic compounds and phytopathogens. Therefore, microbial preparations used to accelerate the cereal straw transformation are of the increasing importance [3, 4] .
Recently, molecular methods are becoming more common to describe the composition of soil microbial communities, but the issue of the association of biodiversity with the functioning of microbial communities remains open [5, 6] . This is due to a number of reasons including microorganism polyfunctionality, so changes in the microbial community taxonomic composition do not necessarily indicate a change in the chemical properties of the decomposing substrate [6, 7] . The role and structure of the microbial community responsible for decomposition is poorly understood in relation to the orientation of destructive chains towards the predominance of mineralization or humification [8, 9] . In particular, no more than 10 % of soil microorganisms are known to or can be cultured in elective nutrient media, the others are a vast resource for studies.
The purpose of this study was to evaluate the effects of straw, biological preparation and the depth of straw embedment on the structure and functioning of the microbial community of soil microorganisms. The most easily accessible straw organic compounds are decomposed within the first 2 weeks, so we evaluated the effect of preparations and the depth of straw embedment in soil on the bacterial community composition after 2 months at the late stages of decomposition when destruction of difficulty decomposable compounds takes place. During this period, straw decomposition is due generally to k-strategists. There is a perception that this community is more resistant to external influences and will not vary so much as in r-strategists responsible for the first stage [10] .
Technique. In the model experiment with well-cultivated sod-podzolic soil (С hum 4.02 %, N total 0.316 %, рН salt 5.63, labile Р 2 О 5 of 37 mg/100 g, exchangeable К of 9.6 mg/100 g), rye straw crushed into pieces of 1-2 cm was added to plastic pots at 3 g per kilogram of soil (ash content of 3.4 %, N of 0.25±0.02, C/N -195) in three ways (surficially, in the layer of 0-3 cm, and in the layer of 9-12 cm). To accelerate decomposition, straw was treated with biopreparations BUGS (based on Bacillus), Barcon (complex cellulosolitic association) and Omug (bio-fertilizer from litter poultry dung) according to the developer recommendations (All-Russian Research Institute of Agricultural Microbiology, St. Petersburg). Analyses were performed at the day 60.
Agrochemical soil studies were performed using conventional methods [11] . Carbon content in extracts was determined using an Ultraspec spectrophotometer (LKB, Sweden; λ = 340 nm) [12] . Soil respiration was measured using the Tsvet gas chromatograph (Russia) with katharometer detector and helium as carrier gas.
Active soil microbial biomass was measured by substrate-induced respiration [13] determining the total biomass and fungal biomass (treatment with streptomycin and rifampicin, 16 mg of antibiotic per gram of soil). Microbial biomass nitrogen was analyzed using the rehydration method [14] , content of residual straw in the soil was analysed by flotation in 0.5 N Na 2 SO 4 . The numbers of microflora physiological groups (ammonifying and amylolytic organisms, actinobacteria, cellulosolitic bacteria, pedotrophs, oligotrophs, the total number of bacteria, micromycetes) were counted at planting soil suspension on solid nutrient media. Biodiversity of microbial communities was estimated by Shannon diversity index and Sorensen-Czekanowski similarity coefficient.
The structure of the microbial community at day 60 was evaluated by high-throughput sequencing libraries of 16S rRNA gene. DNA was isolated from soil using MoBio (USA) kits, preparation of libraries was performed by PCR with universal primers for 16S rRNA F515 and R806 genes [15] . Sequencing was performed using a GS Junior (Roche, USA) apparatus, sequencing results processing was performed by the QIIME program [16] . Standard statistical methods, graph analysis [17] and principal component analysis were used for further statistical analysis.
Results. Determination of the number of microorganisms in soil layers revealed higher sensitivity to straw adding in micromycetes compared to bacteria (Table 1) . In most cases, the number of fungi in the layer with straw increased 1.5-2.0 times. Adding of straw increased the fungi biomass. Thus, our results are consistent with the literature data on the leading role of fungi at the deeper stages of straw decomposition [10] . The depth of straw embedment had greater impact on the number of fungi and bacteria than the type of the biological preparation applied.
Poor applicability of conventional microbiological analysis of physiological microorganism groups for the purposes of comparing the structure of microbial communities was confirmed. There was a clear positive impact of straw on the abundance of amylolytic, oligotrophic, and pedotrophic organisms (see Table 1 ), while the differences between the variants were insignificant in most cases. A possible reason is that this method registers only growing microorganisms, whereas slow-growing k-strategists prevail at the studied stage of straw decomposition.
Straw decomposition on the day 60 of experiment was no more than 10-40 %, which is consistent with the data of a number of studies [1] [2] [3] but contrary to the results which describe 50 % decomposition in 1 month [10] . Biological preparations increased mineralization of straw, and the best results were observed in case of treatment of straw with Barcon. Straw decomposition was greater in a layer of 0-3 cm, except Omug with which straw destruction was most active in the layer of 9-12 cm.
The effect of studied factors on the organic matter fractions characterizing the amount of the most accessible organic compounds (water and saltsoluble carbon), the amount of newly formed (C in labile humus) or mobile (C in NaOH-or pyrophosphate extraction) humus (see Table 1 ) was observed only in easily accessible fractions.
The growth of microbiological activity after adding straw and biological preparations accelerated straw decomposition but not humus decomposition (see Table 1 ). Omug contributed to humus preservation in soil which is consistent with the results of our research on the effect of bio-fertilizers on the processes of humification [18] . In case of Omug, complex index of humification (К hum. ) [19] increased with adding straw in the 9-12 cm layer similarly to the degree of straw mineralization.
Different depth of straw embedding and its treatment with preparations changed the structure of soil bacterial communities ( Table 2 ). The main part of bacterial community at phyla level was represented by Proteobacteria and Actinobacteria, and the presence of Acidobacteria was lower due to high soil fertility. Adding straw increased the proportion of Actinobacteria and Betaproteobacteria belonging to k-strategists if compared to control. Surface application of straw did not affect the ratio of alphaproteobacteria families many of which are plant symbionts; changes were observed in case of Barcon only. Straw embedment into the soil affected the structure of this taxon considerably, but we could not reveal the regularities depending on the observed effect of the embedment depth or the preparation; possibly, the changes in the reported cases have occurred under the effect of indirect causes (competition, antagonism, etc.). Treatment of straw with Omug and Barkon increased the proportion of Actinobacteria playing an important role in destruction of recalcitrant substrates as compared with the case of no treatment. Actinobacteria participation in decomposition was intensified when straw was embedded in the layer of 9-12 cm, with the exception of Barcon (similar to the data of the dominance of bacterial communities in decomposition of embedded plant residues) [20] . Adding of straw and preparations had low effect on Actinobacteria families such as Solirubrobacteraceae and Gaiellaceae, while Micrococcaceae, Nocardioidacea, and Pseudonocardiaceae appeared to be more sensitive to the factors studied ( Fig. 1) which reveals the effect of both preparations and of the depth of straw embedment. The greatest differences in the structure of Actinobacteria were ob-
Percentage served between the cases of BUGS and Omug, and the effect of the depth of straw embedment in cases of Barcon and Omug were opposite often.
Firmicutes play an important role in decomposition of fresh organic matter. In case of BUGS, the proportion of Firmicutes was actually 2 times greater which is seemingly understandable, since the product is based on Bacillus. However, the number of Lactobacillaceae increased sharply (increase up to 40 % compared with 5-8 % in untreated straw and in case of Omug, and with 19 % for Barcon), and the number of the Bacillaceae family members was low.
The highest biodiversity of the samples was observed under treatment with Barcon and Omug, when Shannon index was 1.29-1.27 compared to 1.0-1.16 for control and untreated straw. The raise in the microbiome taxonomic diversity is reflected in the increase of its metabolic activity and complexity of trophic links between different physiological groups of microorganisms which is consistent with the strengthening of humification processes (increases in humus content, water-soluble carbon and labile humus).
Analysis of bacterial community similarities using the principal component method with grouping according to straw treatment preparations for components 1 and 2 demonstrated no clear intervariant differences (Fig. 2, A) , in case of components 1 and 3 differences between BUGS and Omug were observed. Analysis of grouped data on the depth of straw embedment (see Fig. 2 , B) demonstrated insignificant differences, although this factor had strong effect on the microorganism number and activity. Probably, the reasons are quite a late stage of decomposition when the differences between the k-strategists communities are not that evident [7, 10] , and the more complete structure of the community registered by molecular methods.
Sorensen-Czekanowski similarity coefficients for bacterial communities in the layer of 0-3 cm (maximum straw decomposition) were the highest ones (0.72-0.78). It means that the most efficient straw decomposing microbial communities have similar composition, and the effect of preparations was low. BUGS was often different from other preparations in the effect on the community structure forming the less similar microbial complexes, particularly in cases of surface application (coefficients ranged from 0.58 to 0.63).
It should be noted that many of the parameters describing microbiological (soil respiration, C and N content in microbial biomass) and agrochemical (e.g., labile organic carbon and mineral nitrogen content) soil properties change when straw is added (see Table 1 ), but it is almost impossible to discover clear patterns and to evaluate the effect of the preparation or of the embedment depth without mathematical analysis methods.
The use of graph analysis [15] to assess the microbocenosis functioning reveals the similarities and differences depending on the depth of straw embedment (Fig. 3) . The general features are presented by the negative relationship between the amount of residual straw and the nitrogen content in the soil. The amount of immobilized nitrogen in microbial biomass in cases of straw embedment into the soil is closely related to nitrate content. New formation of humus (C of labile humus) is associated with microbial biomass which explains the increase in humus content under surface straw application when organic substances enter the soil dissolved. Complex humification index (К hum. ) is related to soil microbiological properties, in particular to mineralization and oligotrophic coefficients which reflects the microbial community structure.
In case of surface application, at the day 60, straw is the main source of many mobile organic matter pools but as it is decomposed slower, oligotrophic organisms are associated with it. The most active straw decomposition takes place in the upper layer (0-3 cm) as evidenced by its association with cellulolytic 3 . Graphs of the maximum correlations of the soil and soil microbial community condition indicators depending on the depth of straw embedment and treatment with various biological prepara-tions (gray squares are microorganism number, squares outlined with thick frames are C pools): 1 -number of ammonifiers, 2 -number of amylolytic organisms, 3 -number of oligotrophs, 4 -number of pedotrophs, 5 -number of cellulosolitic bacteria, 6 -number of actinomycetes, 7 -number of micromycetes; 8 -mineralization coefficient, 9 -pedotrophic coefficient, 10 -oligotrophic coefficient, 11 -coefficient of organic matter transformation; 12 -humidity; 13 -residual straw content; 14 -soil respiration; 15 -microbial biomass С (rehydration method); 16 -microbial biomass N; 17 -active biomass С («bacteria + fungi» sum); 18 -proportion of active biomass of total biomass, %; 19 -active fungi biomass; 20 -proportion of active fungi biomass of total biomass, %; 21 -total soil nitrogen, 22 -nitrate nitrogen, 23 -ammonium nitrogen; 24 -water extract С, 25 -К 2 SО 4 extract C, 26 -labile humus С (neutral pyrophosphate extract), 27 -alkaline pyrophosphate extract С, 28 -0.1 N NaOH extract C, 29 -humus С; 30 -complex humification index; 31 -labile phosphorus, 32 -labile potassium; 33 -рН; 34 -plant yield (obtained in the second period, data not shown); 35 -nitrogen removal by plants (see p. 34).
organisms and by its role in the nitrogen cycle. Depending on the depth of straw embedment, the main contribution to mineralization processes (СО 2 output) is made by different groups of microorganisms.
Thus, the analysis of the effect of rye straw treatment with biological preparations BUGS, Barcon, and Omug on the composition and functioning of soil microbial community has shown that in its strength the biological preparation effect was comparable with the effect of the straw embedment depth. However, related to the microbiome functioning, and hence to soil properties, the above was not always clearly seen. Here, a possibility of various microbiome taxonomic composition along with the similar results which are due to the multifunctional nature of microorganisms, is confirmed. Under the use of preparations, 60-70 % of straw is decomposed within 90 days compared to 30-50 % in cases of no treatment. The most efficient straw decomposition was observed in the 0-3 cm layer, except for the cases of treatment with Omug (better in the layer of 9-12 cm), the least efficient decomposition took place when straw was added superficially. Straw decomposition by BUGS and Barcon biological preparations was more efficient than in case of Omug, but the effect of the latter on soil humus was more favorable, as the content of newly formed and total humus increased. Adding of straw increased the proportion of actinobacteria and betaproteobacteria versus control. Actinobacteria are in a greater extent involved in the decomposition of straw embedded in the layer of the 9-12 cm depth (treatment with Barcon was an exception). In case of Barcon and Omug, the microbial community biodiversity was higher (Shannon index of 1.29-1.27 versus 1.0-1.16 in control and untreated straw).
